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A SKETCH OF THE LATE TERTIARY HISTORY OF THE 
UPPER MISSOURI RIVER 



CLYDE MAXWELL BAUER 
U.S. Geological Survey, Washington, D.C. 



The story of the Missouri River forms one of the most interesting 
chapters in the geologic history of the Great Plains. The valley 
of the present stream is composed of many parts, some relatively 
young and others moderately old, but as a unit it is youthful when 
compared with the valley of the Mississippi. Notwithstanding 
its youth, its history is so complex and so little known that only a 
mere sketch can be given at this time. All that will be attempted, 
therefore, will be to point out a few late Tertiary river channels, 
which may indicate former courses of the Missouri River and some 
of its larger tributaries, and sketch their bearing on the history of 
the main stream. One of these stream courses has been traced 
from Poplar, Montana, northeastward to the North Dakota 
boundary. Another valley, partially abandoned, extends north- 
ward from a point 6 miles west of the mouth of Bowlin Creek on 
the Little Missouri River to the mouth of Tobacco Garden Creek 
on Missouri River (see map, Fig. i). 

F. H. H. Calhoun 1 has mapped a number of preglacial valleys 
in north-central Montana, many of which are connected with the 
history of the Upper Missouri. One of the most important of 
these valleys extends from the mouth of Little Sandy Creek north- 
eastward for about 35 miles to Milk River near Havre. Below 
its junction with this old valley the valley of Milk River is 2-25 
miles broader than above and clearly indicates that the head- 
waters of a larger stream, probably the Missouri, emptied into it 
and followed its course previous to the ice invasion. East of the 
mouth of Little Sandy Creek the present Missouri flows in a nar- 
row, rocky channel for many miles and joins the old channel at the 

■F. H. H. Calhoun, "The Montana Lobe of the Keewatin Ice Sheet," U.S. 
Geol. Survey, Pro}. Paper 50. 
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mouth of Milk River, about 20 miles below Glasgow. Another 
old valley, noted by the writer in 1911, extends from Poplar, Mon- 
tana, northeastward to Medicine Lake, thence eastward for several 
miles, thence northward to the vicinity of Dagmar and Coalridge, 
and thence northeastward to the lake region of the extreme north- 
western corner of North Dakota. Beyond this the old river chan- 
nel is completely buried by drift. 
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Fig. i. — Map of Upper Missouri River, showing some Tertiary river channels. 
By C. M. Bauer. 



In the vicinity of Poplar this old valley is nearly filled with 
glacial drift. The town of Poplar is built on a moraine, as shown 
by the section of drift 45 feet thick just north of the Indian School 
on Poplar River. Northeast of Poplar for several miles the drift 
is probably much thicker. In T. 28 N., R. 52 E., and northeast- 
ward for 20 miles the trough of the old valley is from 3 to 4 miles 
wide, with broad, gentle slopes on either side. Near Medicine 
Lake it widens, and on its south bank there is an area of sand dunes. 
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Small lakes are common along the old channel, and in the vicinity 
of Coalridge the valley trough is very distinct. A. L. Beekley 
traced this old valley from Medicine Lake to the North Dakota 
boundary in 1910, and describes its features in Bulletin 471, U.S. 
Geological Survey. 

From the Missouri Coteau northeastward the ancient stream 
course is unknown, but it seems probable that it joined the pre- 
glacial Souris River and flowed thence into the predecessor of 
Assiniboine River, thence northward by way of Lake Winnipeg and 
Nelson River to Hudson Bay. 

Elevations above sea along this course, some of which are shown 
on the map, point to this conclusion. Most of the altitudes given 
are of the lowest point in the immediate locality. If we take these 
altitudes in order, beginning at Poplar, Montana, and continu- 
ing northeastward, we find that, with the exception of Medicine 
Lake, which is 1,970, there is a gradual decrease in altitude from 
1,958 feet on the present Missouri River bottom to 1,194 feet at 
Brandon on the Assiniboine River. It is significant that the present 
fall of the Missouri River in an equal distance is much less. The 
fact that Medicine Lake is now 1 2 feet higher than the flood plain 
at Poplar is probably due to postglacial erosion by the Missouri 
River. Another factor which must be considered is that the alti- 
tudes given do not indicate definitely the position of bedrock 
because of the varying thickness of glacial drift and alluvium in 
the old channel. It is also possible that differential warping to the 
amount of 200 feet, known to have occurred between latitudes 47 
and 51 N., in the area occupied by Lake Agassiz and Lake Souris 
affected this region also and has relatively raised the country to 
the north from what it was in late Tertiary time. 1 

Changes in Yellowstone River due to glaciation are apparently 
few. Its present course, to within a few miles of its mouth, is about 
the same as it was in preglacial time. However, its anastomosing 
channel from Glendive to Mondak, on a flat, sandy, valley floor, is 
evidence of glacial filling in this portion of its channel. From a 
few miles south of Mondak the Tertiary Yellowstone probably fol- 

1 Warren Upham, "The Glacial Lake Agassiz," U.S. Geol. Survey, Mon. 25, pp. 
474-522, 1896. 
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lowed the present course of the Missouri River to Williston, thence 
northward along the valley of Muddy Creek, which is much too 
wide for the stream that now occupies it. The writer has not traced 
this portion and was unable to get definite information on the old 
valley of the Yellowstone more than a few miles north of Wil- 
liston. 1 However, Lambert, in Exploration for the U.S. Pacific 
Railroad in 1853, mentions a wide valley, discovered by Lander, 
which crosses the Coteau connecting the Souris with the Missouri 
near old Fort Union (Williston?) It seems probable, therefore, 
that the ancient stream proceeded north or northeastward from 
this point. 

Concerning the course of the Tertiary ancestor of the Little 
Missouri River, the evidence is very plain. An old valley, several 
miles in width, extends northward from the first prominent eastward 
bend of the present stream near the mouth of Bowlin Creek to the 
head of Tobacco Garden Creek and thence along this valley to the 
present Missouri and probably joins the Tertiary Yellowstone near 
Williston. This old valley south of the Missouri River was first 
noted by F. A. Wilder, 2 who describes it as being evidently a former 
course of a prominent stream similar to the Little Missouri. 

The present valley of the Little Missouri River from the Kildeer 
Mountains east to its mouth is narrow and bordered by rugged 
badlands of soft Fort Union strata. Consolidated glacial drift 
occurs on the jagged tops of some of the ridges 250 feet high and 
within one-half mile of the stream channel, but nowhere on the 
sides of the valley has consolidated drift been found. Although 
there are no terraces in this portion of the valley, in the vicinity 
of Medora and continuing southward into South Dakota a well- 
defined terrace from a few feet to several miles in width has been 
mapped by C. J. Hares. 3 Along Little Beaver Creek, one of the 
tributaries of the Little Missouri, the remaining fragments of this 

1 F. H. H. Calhoun, "The Montana Lobe of the Keewatin Ice Sheet," U.S. Geol. 
Survey, Prof. Paper 50, pp. 35, 36, 1906. 

2 F. A. Wilder, "The Lignite of North Dakota and Its Relation to Irrigation," 
U.S. Geol. Survey, Water Supply, Paper 117, p. 43, 1905. 

3 C. J. Hares, "Lignite in Southwest North Dakota," U.S. Geol. Survey Bull. 
(in preparation). 
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terrace have been mapped by the writer nearly to its headwaters. 
A few miles west of Ekalaka, Montana, several flat-topped, gravel- 
covered ridges 50 to 60 feet high form a prominent feature of the 
landscape. The terrace, where noted, is covered with gravel from 
a few inches to 10 or 12 feet in thickness. The gravel consists 
principally of red and white quartzite pebbles as well as some of 
chert and argillite, ranging from the size of sand grains to 2 or 3 
inches in diameter. The terrace has its best development along 
the Little Missouri in southwestern North Dakota, and at this 
place it probably represents the late Tertiary valley floor of the 
Little Missouri, which existed until the invasion of the earlier ice 
sheet. Since then the Little Missouri has cut a channel to the east 
and shortened its course. The present trough of the Little Missouri, 
which is about 200 feet deep near Medora, is therefore the result of 
erosion since the disappearance of the early ice sheet. 

Parts of the Missouri River above Poplar, Montana, and like- 
wise the Yellowstone River, probably had their beginning at the end 
of the Cretaceous period, when the seas withdrew and exposed large 
areas in the region of the Rocky Mountains to stream erosion. 
These primitive streams and their associates were apparently 
small at first, but as the land area grew by withdrawal of the sea 
and with the rising of the mountain belt, in the early part of the 
Eocene epoch they became larger, gained velocity, and gathered 
sediment which was gradually spread out over the region now 
known as the great Fort Union area. These rivers doubtless 
meandered widely over this broad palustral flat and had their 
embouchure somewhere to the north, 1 probably into the predecessor 
of Hudson Bay or the Arctic Ocean. 

As the primitive Yellowstone and Upper Missouri and their 
tributaries and allies continued their work, several thousand feet 
of sediment were deposited during the Eocene epoch in eastern 
Montana, western North Dakota, and parts of adjoining states. 
This was finally interrupted by an epeirogenic movement, which 

1 W. G. Tight, Abstract of paper read before the Geological Society of America, 
Geol. Soc. Amer. Bull., XVIII. 

Warren Upham, "Age of Missouri River," American Geologist, XXXIV (1904) 
80-87. 
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caused a relative rise of this portion of the continent, together with 
some folding. The streams were now set for the task of erosion. 
During this time the Yellowstone succeeded in maintaining its 
course across the Glendive anticline, a long, narrow arch extend- 
ing southeastward from the Yellowstone River, Montana, to the 
northwestern corner of South Dakota, and the Upper Missouri 
maintained its course across the Poplar dome, a low quaquaversal 
structure at Poplar, Montana. 

Deposition again began on the Great Plains in Oligocene time. 1 
The change in level causing deposition may have been the result of 
warping, the mountains on the west rising relative to the plains 
and furnishing more sediment. 

A general uplift following the Oligocene inaugurated a great 
period of erosion and base-leveling on the northern Great Plains. 
In places, particularly in Saskatchewan, 2 the great rivers deposited 
some gravel and coarse sediment where the gradient became low 
and the load too great. However, during the late Tertiary, the 
Upper Missouri and Yellowstone carried away thousands of feet 
of strata and carved for themselves magnificent broad valleys in 
the soft Cretaceous and early Tertiary deposits. 3 In the vicinity 
of Highwood Mountain the erosion in the valleys probably 
amounted to about 3,000 feet. Farther east, near Sentinel Butte 
and the Kildeer Mountains, about 1,000 feet and near Turtle 
Mountain about 500 feet of material was excavated. Between 
these monadnocks the country was reduced to a peneplain. Then, 
according to Upham, followed the early Quaternary uplift and the 
glaciation of the northern part of the continent. The outlets to 
the north became blocked with ice and later were partly filled with 
drift and outwash. Ponding of waters and marginal drainage 
began. Lake Agassiz and Lake Souris were formed, as well as many 
other smaller lakes, most of which are now extinct. Just where the 

1 A. G. Leonard, geologic map of North Dakota, 1913, showing present distribu- 
tion of White River formation. 

2 R. G. McConnell, "On the Cyprus Hills, Wood Mountain and Adjacent Terri- 
tory," Canada Geol. Survey Report, N.S., I (1885) 70-c. 

3 Warren Upham, "Tertiary and Early Quaternary Base-leveling in Minnesota, 
Manitoba, etc.," American Geologist, XIV (1894), 235-46. 
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marginal drainage proceeded when the ice was at its maximum in 
eastern Montana and western North Dakota is at present a matter 
of conjecture. However, it is probable that it flowed southeastward 
across cols and through various preglacial valleys until it joined 
the Mississippi. 1 

After the retreat of the ice, the Upper Missouri, the Yellowstone, 
and the Little Missouri, owing to the glacial debris, no longer found 
an outlet to the north, but instead followed in part the glacial 
drainage and in part the preglacial stream courses southeastward to 
the Gulf of Mexico. 

1 J. E. Todd, "The Pleistocene History of Missouri River," Am. Assoc. Adv. Sci. 
Proc, N.S., XXXIX (1014), 263-74. 



